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educed Collateral Circulation
o the Infarct-Related Artery in Elderly
atients With Acute Myocardial Infarction
oshiya Kurotobi, MD, PHD,* Hiroshi Sato, MD, PHD, FACC,† Kunihiro Kinjo, MD, PHD,†
aisaku Nakatani, MD,† Hiroya Mizuno, MD,† Masahiko Shimizu, MD,† Katsuji Imai, MD, PHD,*
tsushi Hirayama, MD, PHD, FACC,‡ Kazuhisa Kodama, MD, PHD, FACC,‡
asatsugu Hori, MD, PHD, FACC,† on behalf of the OACIS Group
awachinagano, Suita, and Osaka, Japan
OBJECTIVES The purpose of this study was to investigate the hypothesis that circulation via collateral
vessels to an infarct-related artery (IRA) is impaired with aging in patients with acute
myocardial infarction (AMI).
BACKGROUND Animal experiments have shown that advanced age blunts the development of new vessels in
response to angiogenic cytokines.
METHODS Of 3,573 consecutive patients with AMI, 1,934 patients who fulfilled the following criteria
were enrolled in this study: 1) coronary angiograms were obtained within 72 h after the onset
of AMI; and 2) IRA showed complete occlusion (Thrombolysis In Myocardial Infarction
[TIMI] flow grade 0 or 1). Collaterals to the IRA were angiographically evaluated using the
Rentrop score. Rentrop scores 1 to 3 were defined as demonstrating significant collaterals.
RESULTS The prevalence of collaterals decreased with age, from 47.9%, 45.8%, 43.4%, to 34.0% in
patients 50 years, 50 to 59 years, 60 to 69 years, 70 years, respectively (p  0.001).
Advanced age was an independent factor predicting the absence of collateral circulation to the
IRA. In contrast, time to catheterization, history of angina pectoris, and preinfarction angina
were independent predictors for the presence of collaterals. Multivariate analysis showed that
the absence of collaterals was an independent predictor of in-hospital mortality in elderly
patients 70 years (odds ratio, 15.6; 95% confidence interval, 3.5 to 69.6), although this
finding was not significant in patients 70 years.
CONCLUSIONS Advanced age is associated with decreased angiographic presence of collaterals to the IRA in
patients with AMI. This abnormality may contribute to the poor prognosis of elderly patients
with AMI. (J Am Coll Cardiol 2004;44:28–34) © 2004 by the American College of
Cardiology Foundationh
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it is estimated that collateral circulation to infarct-related
rtery (IRA) is present in almost 40% of patients with acute
yocardial infarction (AMI) in the acute phase (1,2).
ollateral circulations exert beneficial effects by increasing
yocardial salvage (3–5) and preventing ventricular remod-
ling (6), thereby improving in-hospital prognosis (7).
See page 35
lthough all aspects of the mechanisms underlying the
evelopment of coronary collateral circulation are not well-
stablished, circulation in collateral arteries may be not a
imple process of passive dilation of pre-existing collateral
hannels. Because collateral circulation to an IRA is en-
From the *Cardiovascular Division, Osaka Minami National Hospital, Kawachi-
agano, Japan; †Department of Internal Medicine and Therapeutics, Osaka Univer-
ity Graduate School of Medicine, Suita, Japan; and the ‡Cardiovascular Division,
saka Police Hospital, Osaka, Japan. Supported by a Grant-in-Aid for Scientific
esearch (C)(2) (#15590743) from the Japanese Ministry of Education, Culture,
ports, Science and Technology, Tokyo, Japan, and by a research grant from Japan
rteriosclerosis Prevention Fund.
Manuscript received June 30, 2003; revised manuscript received October 21, 2003,pccepted November 24, 2003.anced with preinfarction angina (8), it has been suggested
hat they are not only functionally new arteries originating
rom a pre-existing arteriole, but also are associated with
ctive proliferation and remodeling by growth of pre-
xisting arteriolar connections into true collateral arteries
9).
Recently, in vivo animal experiments have shown that
dvanced age blunts angiogenesis and endothelial function,
hus impairing the development of new collateral circulation
10). Furthermore, ischemic preconditioning (11,12) is
mpaired in elderly AMI patients, and vulnerability to
yocardial ischemia is increased in the aged heart, which
uggests that there is less tolerance against ischemia in the
ging heart. If this is the case in the aging heart, the
resence of collaterals to the IRA may play a critical role in
lderly patients with AMI, and therefore would be a
owerful independent predictor of in-hospital mortality
ate. In this study, we examined whether advanced age
mpairs the development of collateral circulation to the IRA,
nd whether the absence of collateral circulation to the IRA
s a determinant of poor in-hospital prognosis in elderly
atients with AMI.
MP
f
O
A
s
p
w
s
s
c
w
n
o
F
c
b
h
D
p
a
o
p
t
c
c
t
t
h
s
o
a
c
D
g
i
p
t
r
f
w
o
t
o
G
C
t
a
t
o
n
h
a
e
e
f
c
t
r
C
s
t
a
c
s
A

T
a
d
w
d
a
c
v
p
p
d
C
t
t
t
S
f
a
a
p
b
s
a
t
U
a
a
c
m
c
p
v
d
29JACC Vol. 44, No. 1, 2004 Kurotobi et al.
July 7, 2004:28–34 Aging Impairs Development of Collateral VesselsETHODS
atients. The patients included in this study were selected
rom a total of 3,573 consecutive patients registered in the
saka Acute Coronary Insufficiency Study (OACIS) from
pril 1998 to May 2002. A detailed description of this
tudy has been published elsewhere (13–15). Briefly, all
atients presenting within one week after the onset of AMI
ere prospectively registered, immediately after the diagno-
is of AMI, defined by the presence of typical clinical
ymptoms, electrocardiographic findings, and release of
ardiac enzymes. Patients who fulfilled the following criteria
ere selected as candidates for the present study: 1) coro-
ary angiograms were obtained within 72 h after the onset
f AMI; and 2) the IRA showed complete occlusion.
inally, a total of 1,934 patients met inclusion criteria and
onstituted the study population. This study was approved
y the ethics review committee of each participating
ospital.
efinitions. Diabetes mellitus was defined as a fasting
lasma glucose concentration 126 mg/dl or the use of
ntidiabetic therapy. Hypertension was defined as a history
f a systolic blood pressure 140 mm Hg, a diastolic blood
ressure 90 mm Hg, or the use of antihypertensive
herapy. Hyperlipidemia was defined as a fasting total
holesterol concentration 220 mg/dl, a fasting triglyceride
oncentration150 mg/dl, or the use of antihyperlipidemic
herapy. Preinfarction angina was defined as the presence of
ypical chest pain within 72 h before the onset of AMI. A
istory of angina pectoris was defined as documented
ymptomatic coronary artery disease or typical chest pain
ccurring at least one month before AMI onset. Success of
ngioplasty was defined as achieving Thrombolysis In Myo-
ardial Infarction (TIMI) flow grade 3.
ata collection and quality control. Research cardiolo-
ists and specialized research nurses recorded data concern-
ng sociodemographic variables, medical history, therapeutic
rocedures, and clinical events during the patient’s stay in
he hospital. Information was obtained by hospital medical
ecords, by direct interview with the patient and his or her
amily, and by interviewing the treating physician. When
ritten informed consent for entering the OACIS was
btained from patients, all in-hospital data were transmitted
o a central data collection center located in the Department
f Internal Medicine and Therapeutics at Osaka University
Abbreviations and Acronyms
AMI  acute myocardial infarction
CI  confidence interval
IRA  infarct-related artery
LCX  left circumflex coronary artery
MI  myocardial infarction
OACIS  Osaka Acute Coronary Insufficiency Study
OR  odds ratio
TIMI  Thrombolysis In Myocardial Infarctionraduate School of Medicine for processing and analysis. mollaborating hospitals were encouraged to enter consecu-
ive patients with AMI irrespective of treatment strategy
nd outcome. The OACIS included a university hospital,
ertiary care centers, and smaller hospitals. Before initiation
f this study, a research cardiologist and specialized research
urse at each site received a training manual that explained
ow to complete the case report form, defined each variable,
nd provided examples of correct responses. Double-key
ntry was used by the central data collection center to add
ach case report form to the database. Audits were per-
ormed electronically to detect out-of-range variables, in-
onsistencies, errors, and omissions. Queries were then
elephoned to the local research cardiologists and specialized
esearch nurses for resolution.
oronary angiography and collateral evaluation. We as-
essed the degree of collateral circulation to the IRA at the
ime of emergent catheterization. Three patients whose
ngiograms were inadequate for assessing the collateral
irculation to the IRA were excluded from the present
tudy. The degree of stenosis was scored according to the
merican Heart Association guidelines (16). Vessels with
75% stenosis were classified as having significant stenosis.
he degree of perfusion of the IRA was determined
ccording to the TIMI criteria, and total occlusion was
efined as TIMI flow grade 0 or 1. Collateral circulation
as graded by using a semiquantitative scale from 0 to 3,
epending on the angiographic findings of the occluded
rtery using the best injection (17): 0  no collateral
irculation; 1  collateral filling of side branches without
isualization of any epicardial segments; 2  collateral
artially filling the epicardial segment; 3  collateral com-
letely filling the epicardial segment. Grades 1 to 3 were
efined as the presence of collateral circulation to the IRA.
oronary angiograms were assessed in a blinded manner by
wo observers who reached a consensus in most cases. When
here was disagreement, the difference was adjusted by a
hird independent doctor.
tatistical analysis. Patients were arbitrarily divided into
our age groups: 50 years, 50 to 59 years, 60 to 69 years,
nd 70 years. We compared the prevalence of collaterals
mong age groups using a chi-square test. Statistical com-
arisons of baseline, procedural and outcome variables
etween subgroups were performed using the chi-square
tatistic for categorical variables, and Student unpaired t test
nd analysis of variance for continuous variables. Age and
ime to catheterization are expressed as the mean  SD.
nivariate and multivariate logistic regression was used to
ssess the relationship between clinical background vari-
bles, angiographic findings and the presence of collateral
irculation, and between clinical factors and in-hospital
ortality. Variables incorporated into our analysis included
haracteristics previously identified as factors of well-known
rognostic importance and coronary risk factors. These
ariables included Killip class 2, final TIMI flow grade 3,
iabetes mellitus, number of diseased vessels, history of
yocardial infarction (MI), age, absence of collaterals,
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Aging Impairs Development of Collateral Vessels July 7, 2004:28–34ypertension, hyperlipidemia, and smoking. Odds ratios
OR) were expressed together with 95% confidence intervals
CI). Wald’s chi-square value was determined for in-
ospital mortality by multivariate analysis. Analyses of data
ere performed using statistical software (SPSS 10.0, SPSS
apan Inc., Tokyo, Japan). Results were considered signifi-
ant at p  0.05.
ESULTS
actors contributing to the prevalence of collateral ves-
els. Baseline characteristics and the angiographic findings
n patients with or without collaterals are summarized in
able 1. The patient population included 76.6% men and
3.4% women with a mean age of 64.0 years. The preva-
ence of collaterals was 41.5% in all of the enrolled patients.
ompared with patients without collaterals, the mean age
as significantly lower in patients with collaterals (62.7 
1.0 years vs. 65.0  11.4 years; p  0.001). The patients
ith collaterals had a greater prevalence of hyperlipidemia
44.3% vs. 39.0%; p  0.03), history of angina pectoris
33.1% vs. 25.5%; p  0.001), and preinfarction angina
53.1% vs. 45.6%; p  0.002) than the patients without
ollaterals. Furthermore, the patients with collaterals had a
maller number of diseased vessels (1.27 vs. 1.36; p 0.01),
lower prevalence of left circumflex infarction (8.2% vs.
5.9%; p  0.001), and a longer time from the onset to
atheterization (13.1  16.5 h vs. 8.6  11.7 h; p  0.001)
han the patients without collaterals. Significant differences
etween the groups were not observed for gender, smoking,
Table 1. Factors Contributing to the Developm
Collater
n  802
Clinical characteristics
Age (%) 62.7 
Female gender (%) 22.3
Diabetes mellitus (%) 31.6
Hypertension (%) 48.0
Hyperlipidemia (%) 44.3
History of MI (%) 16.1
Smoking (%) 68.1
History of AP (%) 33.1
Pre-infarction angina (%) 53.1
Angiographic findings
Time to catheterization 13.1 
Diseased vessels
0–1 Vessels (%) 68.8
2–3 Vessels (%) 31.2
Number of diseased vessels 1.2
Infarct location
RCA (%) 37.9
LAD (%) 51.9
LCX (%) 8.2
Primary angioplasty 92.8
Final TIMI flow grade 3 79.7
Data are expressed as mean  SD or percentage of patient
Collaterals () represent the absence of collateral vessels.
AP  angina pectoris; LAD  left anterior descending
myocardial infarction; NS  not significant; RCA  right cyperlipidemia, hypertension or diabetes mellitus, the use of arimary angioplasty, and the successful restitution of TIMI
ow grade 3. The prevalence of collaterals decreased with
ge, from 47.9%, 45.8%, 43.4%, to 34.0% in patients 50
ears, 50 to 59 years, 60 to 69 years, and 70 years,
espectively (p  0.001) (Fig. 1). The ORs for the presence
f collaterals to the IRA are summarized in Table 2. Based
n univariate analysis, the presence of collaterals was signif-
cantly associated with age (OR, 0.98; 95% CI, 0.97 to
.99), left circumflex coronary artery (LCX) infarction (OR,
.42; 95% CI, 0.27 to 0.65), time to catheterization (OR,
.02; 95% CI, 1.01 to 1.03), history of angina pectoris (OR,
.41; 95% CI, 1.15 to 1.72), preinfarction angina (OR, 1.34;
5% CI, 1.12 to 1.62), number of diseased vessels (OR,
.84; 95% CI, 0.74 to 0.96), and hyperlipidemia (OR, 1.23;
5% CI, 0.82 to 0.97). Based on multivariate analysis, age
OR, 0.98; 95% CI, 0.97 to 0.99), LCX infarction (OR,
.47; 95% CI, 0.33 to 0.68), time to catheterization (OR,
.02; 95% CI, 1.01 to 1.03), history of angina pectoris (OR,
igure 1. The prevalence of collateral circulation to the infarct-related
rtery based on patient age. Prevalence of collaterals was significantly lower
of Collateral Vessels
)
)
Collaterals ()
n  1,132 (58.5%) p Value
65.0  11.4 0.001
25.2 NS
34.8 NS
52.1 NS
39.0 0.033
13.6 NS
65.2 NS
25.5 0.001
45.6 0.002
8.6  11.7 0.001
72.8 NS
27.2 NS
1.36 0.011
38.5 NS
40.9 NS
15.9 0.001
92.9 NS
77.9 NS
Collaterals () represent the presence of collateral vessels.
ary artery; LCX  left circumflex coronary artery; MI 
ry artery; TIMI  Thrombolysis In Myocardial Infarction.ent
als (
(41.5%
11.0
16.5
7
group.
coronbove 70 years of age.
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.35; 95% CI, 1.10 to 1.66) were independent contributing
actors to the development of collaterals to the IRA.
elationship between collateral vessels to the IRA and
ging. Figure 2 shows the prevalence of preinfarction
ngina, history of angina pectoris, and time from onset to
atheterization as factors affecting collateral formation in
atients below 70 years of age and in patients above 70 years
f age. There were no significant differences in preinfarction
ngina (48.2% vs. 49.2%), history of angina pectoris (29.2%
s. 29.6%), or time to catheterization (9.8 h vs. 10.9 h)
etween the two groups. Figure 3 shows the prevalence of
ollaterals to the IRA in patients with preinfarction angina,
istory of angina pectoris, and earlier time to catheterization
6 h) below 70 and above 70 years of age. The prevalence
f collaterals to the IRA was significantly higher below 70
han above 70 years of age in each category (preinfarction
ngina: 49.2% vs. 36.5%, p  0.001; history of angina
ectoris: 50.5% vs. 38.5%, p 0.01; time to catheterization:
1.7% vs. 39.0, p  0.003). The prevalence of collaterals
ncreased with increasing time to catheterization in patients
elow 70 years of age from 37.7%, 46.6%, 40.0%, 48.0%,
0.8%, to 64.0% who underwent catheterization 3, 3 to 6,
to 12, 12 to 24, 24 to 48, 48 to 72 h after the onset of AMI
p  0.001). Similarly, the prevalence of collaterals in-
reased with time in patients above 70 years of age from
8.8%, 29.1%, 30.0%, 25.8%, 39.0%, to 55.9% (p  0.001).
urthermore, the prevalence of collaterals was significantly
igher in patients below 70 years of age than in those above
able 2. Odds Ratio for the Development of Collateral Vessels
Univariate OR
(95% CI)
Multivariate OR
(95% CI)
ge 0.98 (0.97–0.99)* 0.98 (0.97–0.99)*
CX infarction 0.42 (0.27–0.65)* 0.47 (0.33–0.68)*
ime to catheterization 1.02 (1.01–1.03)* 1.02 (1.01–1.03)*
istory of AP 1.41 (1.15–1.72)† 1.49 (1.12–1.99)†
reinfarction angina 1.34 (1.12–1.62)† 1.35 (1.10–1.66)†
iseased vessels 0.84 (0.74–0.96)‡
p  0.001; †p  0.01; ‡p  0.05.
CI  confidence interval; OR  odds ratio; other abbreviations as in Table 1.
igure 2. The prevalence of pre-infarction angina pectoris (pre-AP) (a
atheterization (c) in patients below 70 and above 70 years of age. NS  not s0 years of age among any category of the time to cathe-
erization. These results suggest that factors promoting
ollateral were similarly observed both in patients below 70
ears of age and in patients above 70 years of age. However,
he collateral-promoting effects of these stimuli seemed to
e impaired in patients above 70 years of age.
actors affecting in-hospital mortality in patients below
0 and above 70 years of age. In patients below 70 years of
ge, univariate analysis showed that in-hospital mortality
as significantly associated with a Killip class 2 (OR,
2.1; 95% CI, 12.7 to 38.7), final TIMI flow grade 3 (OR,
.36; 95% CI, 0.21 to 0.62), diabetes mellitus (OR, 5.04;
5% CI, 2.88 to 8.81), number of diseased vessels (OR,
.97; 95% CI, 1.30 to 3.00), history of MI (OR, 2.37; 95%
I, 1.35 to 4.16), and aging (OR, 1.06; 95% CI, 1.02 to
.09) (Table 3). Multivariate analysis showed that a Killip
lass 2 (OR, 16.6; 95% CI, 7.0 to 39.6; chi-square, 44.4),
nal TIMI flow grade 3 (OR, 0.36; 95% CI, 0.15 to 0.86;
hi-square, 5.09), diabetes mellitus (OR, 4.25; 95% CI, 1.76
o 10.3; chi-square, 11.2), number of diseased vessels (OR,
.98; 95% CI, 1.14 to 3.45; chi-square, 5.59) were indepen-
ent risk factors for in-hospital mortality, although the
bsence of collaterals was not a significant predictor of
n-hospital prognosis. However, in patients above 70 years
f age, univariate analysis showed in-hospital mortality was
ignificantly associated with the absence of collaterals (OR,
.21; 95% CI, 1.46 to 7.08), Killip class2 (OR, 6.09; 95%
I, 3.72 to 9.98), final TIMI flow grade 3 (OR, 0.28; 95%
I, 0.17 to 0.48), number of diseased vessels (OR, 1.73;
5% CI, 1.06 to 2.54), hypertension (OR, 1.75; 95% CI,
.06 to 2.89), and aging (OR, 1.05; 95% CI, 1.01 to 1.10)
Table 4). Multivariate analysis showed that the absence of
ollaterals (OR, 15.6; 95% CI, 3.51 to 69.6; chi-square,
5.1), Killip class 2 (OR, 5.84; 95% CI, 2.75 to 12.4;
hi-square, 21.0) and final TIMI flow grade 3 (OR, 0.29;
5% CI, 0.14 to 0.62; chi-square, 10.3) were independent
isk factors for in-hospital mortality. These results suggest
hat collateral circulation to the IRA has important clinical
mplications for in-hospital prognosis in patients over 70
ears of age.
sence of history of angina pectoris (AP) (b), and time from onset to), pre
ignificant.
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Aging Impairs Development of Collateral Vessels July 7, 2004:28–34ISCUSSION
ur results demonstrate that advanced age is an indepen-
ent contributing factor for the absence of collateral circu-
ation to the IRA, and that the prevalence of collaterals was
ecreased in AMI patients over 70 years of age. The absence
f collaterals to IRA was an independent risk factor for
n-hospital mortality in patients over 70 years of age.
herefore, these findings show the close association be-
ween poor collateral circulation to the IRA and poor
n-hospital prognosis in elderly AMI patients. Prior clinical
tudies have not fully addressed the effects of aging on
ollateral circulation. To the best of our knowledge, this
tudy is the first to demonstrate the importance of collateral
irculation in elderly patients with AMI, because impaired
ollateral circulation to the IRA is related to a poor
n-hospital prognosis in elderly patients with AMI.
actors contributing to circulation from collaterals. Fac-
ors that may control the presence of collaterals after the
nset of AMI have been demonstrated in previous clinical
tudies. The extent of collateral circulation is affected by the
resence of multivessel disease (18), previous MI (19),
reinfarction angina (7), history of angina pectoris (8), and
ime from onset to cardiac catheterization (20). Our results
lso show that preinfarction angina, history of angina
ectoris, and time to cardiac catheterization are significantly
ssociated with a higher prevalence of collateral circulation
o the IRA (Tables 1 and 2). Moreover, our results show
igure 3. The prevalence of collaterals to the infarct-related artery in patie
nd early catheterization (6 h from the onset of acute myocardial infarc
Table 3. Odds Ratio for In-Hospital Death (B
Univariate O
(95% CI)
Killip class 2 22.1 (12.7–38
Final TIMI flow grade 3 0.36 (0.21–0.6
Diabetes mellitus 5.04 (2.88–8.8
Number of diseased vessels 1.97 (1.30–3.0
History of MI 2.37 (1.35–4.1
Age 1.06 (1.02–1.0
Absence of collaterals 1.89 (0.97–3.6
Hypertension 1.08 (0.69–2.0
Hyperlipidemia 0.74 (0.42–1.2
Smoking 0.87 (0.49–1.5
*Wald’s chi-square value; †p  0.001; ‡p  0.01; §p  0.0
Abbreviations as in Tables 1 and 2.hat the prevalence of collaterals is lower in patients above
0 years of age and that advanced age is an independent
actor predicting the absence of collateral circulation to the
RA. Previous reports (3,7,20) have not determined the
ssociation between age and collaterals. This is probably
ecause previous studies have been relatively small in scale,
r because fewer elderly patients with AMI were enrolled
ue to the low rate of cardiac catheterization in this
opulation. The prevalence of collaterals was significantly
ower in patients above 70 years of age (Fig. 1); therefore,
e compared the relation between these factors and the
revalence of collaterals to the IRA in patients below 70
ears of age and in patients above 70 years of age. The
revalence of preinfarction angina, history of angina pecto-
is, and time from onset to catheterization were not different
etween the patients below 70 years of age and the patients
bove 70 years of age (Fig. 2). However, these factors were
ignificantly associated with a higher prevalence of collater-
ls in patients below 70 years of age than in patients above
0 years of age (Fig. 3). The rate of increasing collaterals is
ssociated with increasing time to catheterization both
atients above and below 70 years of age. These findings
eem to suggest that collateral formation to the IRA
ediated by these factors is blunted in patients above 70
ears of age compared with patients below 70 years of age.
ollateral formation is a complex process involving me-
hanical factors and angiogenic factors, although it is mainly
th pre-infarction angina (pre-AP) (a), history of angina pectoris (AP) (b),
(c) in patients below 70 or above 70 years of age.
70 Years of Age)
Multivariate OR
(95% CI) Chi-Square*
16.6 (7.00–39.6)† 44.4
0.36 (0.15–0.86)‡ 5.09
4.25 (1.76–10.3)‡ 11.2
1.98 (1.14–3.45)§ 5.59
0.82 (0.27–2.47) 0.13
1.05 (0.99–1.11) 2.61
2.34 (0.90–5.95) 3.31
0.94 (0.39–2.27) 0.02
0.51 (0.20–1.30) 2.10
0.79 (0.31–2.00) 0.24nts wi
tion)elow
R
.7)†
2)†
1)†
0)‡
6)‡
9)‡
9)
4)
8)
4)
5.
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July 7, 2004:28–34 Aging Impairs Development of Collateral Vesselsnfluenced by endothelial function. Endothelial cell function
s compromised with increasing age (21,22). Therefore,
ge-dependent endothelial dysfunction may contribute to
mpaired collateral development in the setting of myocardial
schemia.
ffect of collateral circulation on in-hospital prognosis.
he presence of collateral circulation improves myocardial
alvage (3–5) and prevents ventricular remodeling (6),
hereby improving in-hospital prognosis independent of
oronary reperfusion therapy (6,7,23–26). Because the aging
eart might be expected to be less tolerant due to impaired
iologic responses against myocardial ischemia, we com-
ared the clinical effect of the presence of collateral circu-
ation to the IRA in patients below and above 70 years of
ge. Killip class 2, final TIMI flow grade 3, the presence
f diabetes mellitus, and the number of diseased vessels, but
ot the absence of collaterals, were independent contribut-
ng factors for in-hospital mortality in patients below 70
ears of age (Table 3). However, the absence of collaterals
as a strong independent contributing factor for in-hospital
ortality in addition to Killip class 2 and final TIMI flow
rade 3 (Table 4). Cardiogenic shock and life-threatening
rrhythmias are more likely to be observed in elderly
atients (27), and, as a result, elderly AMI patients have a
oor short-term prognosis (28,29). Thus, age is a powerful
ndependent predictor of in-hospital mortality (28). The
resent study demonstrates that the absence of collaterals to
he IRA is a clinically important factor that predicts
n-hospital mortality in elderly patients with AMI.
tudy limitations. The major limitation of this study is the
atients’ selection bias. The conclusions of this study are
erived from patients with total coronary artery occlusion.
herefore, the significance of collateral circulation is limited
o this group of patients. We should not extend our study
esults to broader populations of patients with AMI. The
econd limitation is related to the angiographic evaluation of
oronary arteries. We evaluated the extent of collateral
evelopment using the semiquantitative Rentrop score.
ome reports (30,31) suggest that coronary angiography
acks sufficient sensitivity to evaluate collateral formation. It
Table 4. Odds Ratio for In-Hospital Death (A
Univariate O
(95% CI)
Absence of collaterals 3.21 (1.46–7.0
Killip class 2 6.09 (3.72–9.9
Final TIMI flow grade 3 0.28 (0.17–0.4
Number of diseased vessels 1.73 (1.18–2.5
Hypertension 1.75 (1.06–2.8
Age 1.05 (1.01–1.1
Diabetes mellitus 1.37 (0.85–2.3
Hyperlipidemia 0.83 (0.49–1.4
Smoking 1.08 (0.67–1.7
History of MI 0.94 (0.47–1.8
*p  0.01; †p  0.001; ‡p  0.05.
Abbreviations as in Tables 1 and 2.s certain that angiography cannot detect collateral vessels100 m in diameter (6). Therefore, patients characterized
s lacking collateral circulation might have small collaterals.
he third limitation of this study is that the mechanisms
esponsible for poor collateral development in elderly pa-
ients with AMI were not clarified. Because the contribut-
ng factors for collateral development, prevalence of prein-
arction angina, history of angina pectoris, time to
atheterization were observed in similar frequencies in
lderly patients compared with nonelderly patients, the
otential for angiogenesis or reopening of pre-existing
ollateral channels may be impaired.
onclusions. Advanced age is an independent factor for
he presence of collaterals to the IRA, and the absence of
ollateral circulation to the IRA is an independent risk
actor for in-hospital mortality in elderly patients with
MI. Further clinical efforts to improve coronary circula-
ion in elderly patients with AMI, either by coronary
ntervention or novel angiogenic treatments, are needed.
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